From an urban population (n = 9,033) of 4%49-year-old males, 6,956 participated in a multiphase screening programme, of whom 1.5% were already registered as diabetic patients, 1.7% were then found to be diabetic; of 6,325 subjects given oral glucose tolerance tests, 6.6% were found to have impaired glucose tolerance (WHO criteria, 1985). In 889 asymptomatic cases with initial capillary whole blood glucose values > 6.6 mmol/1 fasting and/or 2 h postload, fluctuation in oral glucose tolerance was studied at repeat tests within one month; the mean differences in glucose values between the first and second test were < -1% (fasting) and -15% (2 h post-load); there were no differences in body weight, and 62% of those with initially impaired glucose tolerance had normalised by the repeat test. Only in 109cases (1.7%) were 2h post-load values in the 7.8-11.0 mmol/1 range both at the first and the repeat test; these cases were comparable vis-fi-vis body mass index, triceps skin fold, blood pressure and initial glucose and insulin values, but had significantly lower oxygen uptake (2.34 + 0.54 l/rain vs 2.63 + 0.68 l/rain; p < 0.003), as compared with subjects with initially impaired glucose tolerance but normal repeat test outcome. However, subjects with high normal first test results (2 h value in the 7.0-7.7 mmol/1 range) and second test results in the 7.0-11.0 mmol/1 range, resembled those with persistent impairment of glucose tolerance in all respects (including oxygen uptake). The repeat test procedure (including ergometry), is therefore to be recommended in selecting true risk cases.
Type 2 (non-insulin-dependent) diabetes mellitus develops from a preliminary phase of impaired glucose tolerance (IGT) to manifest disease after an interval of varying duration [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The oral glucose tolerance test (OGTT) has been regarded as the best procedure for the diagnosis of mild diabetes in fasting normoglycaemic subjects [14] , but there is a considerable divergence in the definition of IGT between that of the National Diabetes Data Group (based on midtest and 2 h value) [15] and that of the WHO (based on the 2 h value alone) [16] . A central problem has been identifying those really at risk [17] , as there is a high incidence of spontaneous improvement or normalisation of glucose tolerance which is seldom taken into account when cases of IGT are selected for prospective study. Individual fluctuation has been demonstrated both in glucose tolerant subjects [18] [19] [20] and in IGT cases [20] , but not in a large series with 2 h values ranging from high normal to diabetic levels.
The aim of the present study was to make an epidemiological survey of impaired glucose tolerance and diabetes mellitus in a well-defined urban population of middle-aged males, and to identify the approximate 5% of the population who, though non-diabetic, are at the highest risk of developing diabetes, and thus select a group of suitable size for prospective study, where intervention would be justified and for which adequate resources for follow-up are available. Owing to the low predictive value of a single glucose tolerance test, a repeat test procedure was used to identify those with reproducible test results.
Subjects and methods

Study population
Since 1974, the Preventive Medicine Section of the Department of Medicine at Malta0 General Hospital, has run a continuous health screening and intervention programme for the consecutive investigation by birth-year cohorts of the city population [21, 22] . During a 5-year period, all 47-49-year-old Malta6 males, born 1926-1931, were invited to participate, 77% of whom accepted (Fig. 1) . Fasting blood glucose was analysed in all cases. A glucose tolerance test was included in the screening procedure, except in the case of known diabetic subjects or those with overt diabetic symptoms. In cases of IGT or newly detected diabetes, and in a random sample of the population screened, submaximal ergometry was performed.
Methods
All investigations were performed after the subjects had fasted (from 22.00 hours) overnight for at least 10 h and had refrained from smoking that morning. No other changes in life-style or diet during the days immediately preceding screening were requested. Compliance was checked before investigation, and in cases where the instructions had not been followed or sudden illness had intervened, investigation was postponed.
Blood glucose in capillary whole blood from fingertip samples was analysed with specific methods [23, 24] . Body mass index (BMI) was calculated according to the formula: kg/m 2. The triceps skin fold index was obtained by caliper measurement over the right brachial triceps, 5 cm above the elbow, values being transformed into a log scale [25] . Blood pressure was measured after 10 min rest. Plasma insulin was measured by standard RIA [26] , and blood lipids with standard methods. Maximal oxygen uptake was estimated from steady state heart rate during submaximal ergometry [27] , values being expressed in 1/min and ml-kg-z-min.
The glucose tolerance test (GTT) was performed with the subjects at rest, lying at a 45 ~ angle, and only rising to void urine. For OGTT, 30 g glucose/m 2 body surface area (according to du Bois) (58 + 5 g; mean and SD) in 10% aqueous solution was ingested within 5 rain [28] . Fasting and 2 h blood glucose was measured in duplicate, and plasma insulin in triplicate. From the first two birth-year cohorts, cases were randomly selected for an intravenous test (IVGTT) in which 25 g glucose/m 2 (49 _+ 14 g) in 40% aqueous solution was injected within 3 rain and the k-value (%/rain) calculated [29] .
Cut-off levels for GTT
At screening, the cut-off levels adopted for the OGTT and IVGTT were those routinely used in the hospital [28] . The cut-off level adopted for fasting and 2 h post-load (OGTF) capillary whole blood glucose was 6.6 mmol/1 at the start of the screening programme, but after introduction of the SI-system during the second year the cut-off level for the 2 h value was approximated to 7.0 mmol/1. For the epidemiological survey presented here, however, the WHO (1985) criteria for diabetes and IGT have been used [16] . For the IVGTT kvalue, the cut-offlevel for a normal test was 1.00%/rain.
Second GTT
To check an abnormal or diabetic result of the first fasting value or GTT, with a few exceptions all such cases were invited to a second test within one month. The letter of invitation to the repeat test, stated only that the GTT result was abnormal and should be checked; no other information was given. In cases with diabetic symptoms or high fasting glucose levels, only fasting values were checked; in cases of abnormal test results, the GTT was repeated. The oral test was repeated in 889 cases with abnormal results. In another 88 cases, the first test was an OGTI" and the second test an IVGTT, and vice versa in 69 cases (randomly selected). In 20 cases, IVGTT was performed twice. The test was not repeated in some cases (for various reasons).
Statistical analysis
Values for variables are expressed as means and SD or SEM. Paired t-tests were used for comparing glucose values and body weights between first and second OGTT. Tables 2 and 5 show the results of analysis of variance, t-tests between groups having been done where Fvalues were significant (p < 0.05).
Results
Diabetes prevalence (Figs. 1 and 2)
Of the total cohort at the time of the invitation to join the programme, 77% responded while 23% did not respond despite two requests. Of the responders, the prevalence of previously known diabetes was 1.5% of which 34% were on insulin treatment, 0.2% of cases with previously unknown diabetes had overt symptoms of diabetes and glycosuria, while 1.5% were asymptomatic meeting the WHO criteria (1985) for diabetes at the first GTT. Thus, the prevalence of newly detected diabetes was 1.7%, and the total prevalence of diabetes in the responder group 3.1%. In a further 32 cases (0.5%), repeat test results indicated the presence of diabetes. All newly detected cases were preliminarily regarded as Type 2 diabetic patients, and none were put on insulin treatment. With regard to the non-responders, a search was made in patient records at the Internal Medicine Outpatient Clinic, the Diabetes Care Unit, and the central hospital archives (the city region is served by one main hospital which treats most of the local diabetic patients). At the time of screening, 3.9% of subjects were registered diabetic, which is twice the rate in the responder group (p < 0.001). If undetected diabetes is estimated at the same rate in the non-responder group as in the responder group, the prevalence of diabetes in the non-responder group would be 5.5%. In the cohort as a whole, the prevalence could be estimated to be 3.7%. (Fig. 2) GTT was performed in 98% of the study population. The screening outcome is summarised in Figure 2 . OGTT was normal in 92.0% and impaired in 6.6%, and diabetes was found in 1.4%. With the lower cut-off level for IGT in use at the department at the time of screening (2 h value >6.6mmol/1 before the SI-system and later > 7.0 mmol/1), 653 of the normal cases (183 cases in the 6.6-6.9 mmol/1 range and 470 cases in the 7.0-7.7 retool/1 range) were also regarded as IGT cases, the subjects being invited to a second test.
Outcome of the GTTs
IVGTF results were normal in 78.4%, 18.7% had kvalues < 1.00%/min but normal fasting values, and 2.9% had increased fasting values. The mean k-value (+ SD) was 1.48 + 0.61%/min (range 0.41-5.00 %/min; 2.7% of all values < 0.50%/min and 17.3% in the 0.50-0.99%/min range).
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In Table 1 , fasting and 2 h glucose values are given as percentiles. The mean and SD of fasting glucose values in the study population as a whole are 4.84 and 1.07 retool/l, respectively. If previously known diabetic subjects and subjects in whom OGTT was not performed are excluded, the corresponding figures are 4.77 and 0.77 mmol/1 (fasting values); 5.50 and 1.62 mmol/1 (2 h values). The correlation coefficient between fasting and 2 h values was 0.45 (p < 0.001; 6,325 observations).
In Table 2 , mean values for body weight, body mass index, maximal oxygen uptake, and fasting and 2 h blood glucose are given for the different categories of glucose tolerance. There is a strong relationship between glucose values and both weight and maximal oxygen uptake. The highest mean weight and lowest oxygen uptake is found in conjunction with newly detected diabetes (mainly asymptomatic), whereas the IGT state is characterised by moderate overnight and moderately reduced oxygen uptake. Table 3 shows the outcome of first and second OGTTs for the 889 retested cases; cases are divided into four categories according to the 2 h value at the first test to make further comparison possible. The wide individual fluctuation is unmistakable, and it is noteworthy that, on re-testing within one month, only31% of those originally meeting the WHO criterion of IGT had a comparable test outcome, and in 62% the value had fallen below the cut-off level, while 49% were even below 7.0 mmol/1. Reproducibility was highest in the diabetic group. There was relatively little increase in glucose intolerance (diabetes being diagnosed in only 7% of the IGT group at the repeat test). Table 4 shows the mean values for fasting and 2 h blood glucose during the two OGTTs and corresponding body weights. The mean difference in fasting values between the first and the second test was negligible, while the mean 2 h value was 15% lower on retest. Mean body weight was unchanged between the two tests.
To ascertain whether persistence of IGT is related to physiological variables and metabolic profile, nondiabetic subjects who underwent a second OGTT were divided into three groups (Table 3) : Group 1 (n = 109), IGT according to WHO on both tests; Group 2 (n = 221), IGT on first test; second test being normal (2 h value < 7.8 mmol/1); Group 3 (n = 104), high normal result on first test (2 h value in the 7.0-7.7 mmol/1 range), second test outcome in the 7.0--11.0 mmol/1 range. Table 5 gives the mean values for these three groups. Analysis of variance showed no differences between groups vis-fi-vis body Table 2 . Body weight, body mass index, oxygen uptake and blood glucose by glucose tolerance as assessed with the OGTT
Variable
Glucose 0' > 6.7 Glucose 0' < 6.7 Glucose 0' < 6.7 Glucose 0' < 6.7 and/or 2 h _> 11.1 and 2 h 7.8-11.0 and 2 h 7.0-7.7 and 2 h < 7.0 n = 101 (1) n = 419 (2) n = 470 (3) n = 5,347 (4) Body weight (kg) 86. Glucose 0 min < 6.7 Glucose 0 min < 6.7 Glucose 0 min < 6.7 and/or 2 h > 11.1 and 2 h 7.8-11.0 and 2 h 7.0-7.7 and 2 h 6.6-6.9 n = 51 n = 353 n = 370 n = 115
Glucose 0 min > 6.7 and/or 2 h _> 11.1 23 Glucose 0 min < 6.7 and 2 h 7.8-11.0 15 Glucose 0 min < 6.7 and 2 h 7.0-7.7 5 Glucose 0 min < 6.7 and 2 h 6.6-6.9 2 Glucose 0 rain < 6.7 and 2 h < 6. 224 96 n = number of subjects studied a-~ indicate groups 1-3, further analysed in Table 5 weight, BMI, triceps skin fold index, diastolic blood pressure, first fasting glucose and insulin values, first 2 h post, load insulin values or blood lipids, though maximal oxygen uptake and systolic blood pressure differed significantly between the groups (p < 0.005; p < 0.02). Mean values for oxygen uptake were similar in groups i and 3, and significantly lower than in group2 (p<0.003; p < 0.02). Systolic blood pressure was higher in both IGT groups than in the high normal group, though there was no difference between the two IGT groups despite the different outcome of the second test. Although all cases in groups 1 and 2 had IGT at the first test, the mean 2 h glucose value was higher in group 1. The 2 h glucose value at the second test was by definition lower in group 2, and the 2 h insulin level showed a concomitant fall. There was a tendency (just below the level of significance) toward increased plasma triglycerides in group 1 (significant if only the two IGT groups were compared (p < 0.02)), while no differences were found between any of the three groups with regard to plasma cholesterol.
Discussion
Further epidemiological studies are needed [16, 30] to improve our understanding of the determinants involved in the deterioration process from normal or impaired glucose tolerance to manifest diabetes. It is thus an advantage to have a large, homogenous and well-defined study population, especially when the prevalence of known diabetes is low (about 2% ) in the urban area in question. In this respect, our study population was satisfactory with an attendance rate of 77%, although there may have been a minor degree of selection as the prevalence of known diabetes was higher in the non-responder group than in the cohort as a whole. The 2.0% prevalence of previously known diabetes in the whole cohort is comparable to that of diabetes in Sweden as a whole, for males in this age group [31] , though it is only half that reported in the USA [32, 33] .
However, the proportion of previously undiagnosed cases was comparable to that in the USA (i. e., about the same as that for previously known cases in this age group).
The epidemiological data may have been affected by the loading dose used for the OGTT being slightly smaller than that now recommended by the WHO [34, 35] . In a smaller Swedish study [36] , however, no significant difference in effect on the 2 h value was found between a dosage of 30 g/m 2 body surface area and a fixed dose of 75 g in each subject. Moreover, the use of duplicate blood samples for the cut-off values, as adopted in this study, increases the reliability of the glucose values and minimises the risk of laboratory error.
In this study, the GTT was performed in the whole responder group under strictly standardised conditions after subjects had fasted overnight. In many studies, the OGTT has been performed in selected groups only, for example in cases with glycosuria, and often under varying conditions. In view of the substantial individual fluctuation in glucose tolerance and low reproducibility of the OGTT previously reported [18, [37] [38] [39] [40] , the result of a single OGTT is of rather low predictive value.
As the screening procedure used here included re-testing of all abnormal cases, it was possible to study and quantify the natural fluctuations in glucose tolerance in a large group of cases (about 900) with initially high fasting or post-load glucose values. Of all cases subjected to OGTT, 4.1% had a 2 h value in the 7.0-11.0 mmol/1 range on both tests compared to 6.6% with a 2 h value in the 7.8-11.0 mmol/1 range (WHO criterion) at the first test only. However, owing to the low reproducibility only half of the cases identified were identical as established with both procedures (i. e., the WHO criterion and repeat testing at our cut-of level) (Table 3) , which implies the existence of different subgroups of IGT. It was found that 2 h values decreased by as much as 15% on average, the fall being unrelated to any change in weight. The fall is mainly to be explained by the regression-to-the-mean phenomenon, although smaller variation in the intake of carbohydrates during the interval between the tests and relief of anxiety about the investigation may be of some importance. The finding of constant fasting glucose values is chiefly to be explained by the fact that most cases were selected for the repeat test on the basis of the 2 h value. The regression to the mean will thus not be comparable unless fasting and 2 h values are almost 100% correlated, in our study both values (n = 6,325) had an overall correlation coefficient of 0.45 (somewhat lower for lower values and somewhat higher for higher values), implying that each glucose level is independently subject to other factors as well (e. g., measurement error). In the group with diabetic symptoms, where only fasting glucose was measured on the first and repeat test (not included in Table 3 ), there was no mean difference between the first and second value, but decision to re-test was not based on the fasting value alone but on symptomatology as well.
A close overall correlation between maximal oxygen uptake and glucose tolerance, has been demonstrated in previous studies of ours in the same screening cohort [41] [42] [43] . The indirect measurement of oxygen uptake used in the study, has been compared with a direct method, both in normal subjects and IGT cases, but no difference was found [44] . In the present study maximal oxygen uptake was significantly lower in IGT cases where the OGTT result was reproducible (group 1), and in cases with intermediate but persistent values (group 3), than in IGT cases with normal repeat test results (group2). Reduced oxygen uptake has been found to be coupled to reduced insulin sensitivity [41, 43] and in a previous study [45] oxygen uptake was found to be low in cases with IGT, indicating a more severe metabolic disturbance and a reduced metabolic potential in skeletal muscle. The present findings of a persistent increase in the 2 h insulin level and a tendency toward increased triglycerides also support this idea of a more pronounced insulin resistance in cases with reproducible IGT. Fluctuators (group 2) were found to have a somewhat higher systolic but not diastolic blood pressure, which may indicate that stress is a factor of importance with regard to the non-reproducible OGTT result.
Although a number of studies have shown baseline glucose values to be the best predictors of future diabetes [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , there has been no evaluation of the risk of diabetes in patients with IGT and poor physical fitness but with little fluctuation in glucose tolerance. Fluctuation in combination with normal physical fitness may indicate a milder degree of IGT and preventive efforts in such cases could be reduced. To increase the specificity and predictive value of the OGTT we would recommend the use either of the repeat test procedure, and in that case at a lower cut-off level for the 2 h value to obtain enough cases, or to extend the investigation by including ergometry, or both, when IGT cases are selected for long-term studies.
